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LOW-SPEED INVESTIGATION OF A SEMISLIBMERGED AIR SCOOP 

WITH AND WITHOUT BOWAFtY-LAYER SUCTION 

By P. Kenneth Pierpont and Robert R. Howell 

SUMMARY 

A preliminaxy low-speed investigation has been made of an air scoop 
sdmerged age-half the inlet height in  a.depreseion on the surface of a 
simulated fuselage, Boundary-layer suction was used on the  steep approach 
ramp t o  improve the  Internal  flow. A 60-included-angle diffuser with an 
area r a t i o  of 1.9:1 W&E located behind  the i n l e t . i n  the model. Most of 
the tests were conducted  with an in i t ia l   tu rbulen t  boundaqy layer believed 
to approximate that which would occur on the forward paYt of a fuselage. 
A f e w  tests were maae with a boundary lager about 2.5 times the thickness 

fartheir reazwa;t.d 0x1 the Friselage. The e f fec ts  of suction-slot  location 
and s l o t  width were determined afid a f e w  tests with area auction were 
made. The maximum quantity-of  suction  flow waa about 15 percent of the 
inlet f low at an  inlet-velocity r a t i o  of  0.6. 

- of  the or iginal  boundary layer t o  determine the effec t  of moving the   i n l e t  

. 
Gains up t o  about 8 -percent i n  the impact-pressure ratio at the  end 

of  the diffuser  were obtained with suction; at the same time, the inlet- 
velocity r a t i o  fo r  m a x l m ~ ~ m  recovery was observed t o  shift from about 0.75 
t o  0.55. For the configurations tested, area  suction and suct ion  s lots  
were about  equally  effective. The impact pressure inside t,he s l o t  was 
markedly increased wlth en increase i n  s l o t  width; s l o t  static pressures.  
indicated that choking at high forward speeds i s  not l i ke ly  t o  occur with 
the wide s lo t .  The c r i t i c a l  Mach number f o r  t he  inlet was IMted  by the 
ex te rna l   l i p   t o  0.78 a t  an inlet -veloci ty   ra t io  of 0.6; t h e   c r i t i c a l  Mach 
number of the other inlet camponents was greater than 0.8. Approximate 
incremental  increases i n  M e t  impact-pressure  ratio,  calculated by 
integrating  the  total-pressure  distributions immediately ahead of t he  
approach ramp, were found t o  be i n  g o d  agreement wlth  experimental  values. 
The impact-pressure r a t i o  of the par t ly  submerged inlet exceeded that o f  
the submerged inlet in   the  inlet-veloci ty-rat io   range  sui table  for high- 
speed operation. 
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IBTRODUCTION 

Much in te res t  has been shown i n  fuselage submerged scoop in l e t s  
because of the  necessity of placing  such iterne a? guns, r a w  equipment, 
and cameras i n  the fuselage  nose.  Reference 1 describes a low-speed 
investigation of one proposed  design i n  w%ch the air scoop i e  completely 
8ubmerged i-n a depression on a simulated f'ueelage. Boundary-layer suction 
was used for  tbis configuration  both on the approach ramp and inside the 
difFuser. Such complete submergence of the inlet i i t h i n  the basic fuse- 
lage line i s  considered desirable t o  reduce the frontal  area end t o  pre- 
vent the entrainment of foreign material i n  the inlet. It becomes diff i -  
cu l t  t o  obtain  high  impact-pressure ratios  with  such a design, however, 
without the use of excessive  boundary-layer  suction  and s m  ccnnpramise 
may generally be required.  Accordingly, the present teBts were under- 
taken t o  study the  effects of boundary-layer  suction on the  Impact-pressure 
r a t i o  of a scoop similar t o  that of  reference 1 except that it was 
half submerged. 

Impact-pressure r a t io s  st the  M e t  and a t  the end of the  diffuser 
were obtained  for a range  of  inlet-velocity  ratios frm about 0 . 3  t o  1.5 
and for  various amounts of suction, less than  about 15 percent of the 
i n l e t  flow at an inlet-veloci ty   ra t io  of 0.6, applied at  discrete s lo t s  
or  Over axeas of porous material. Static-pressure distributions over th  t 
external and internal eurfaces were maswed and the impact-pressure ratio 
i n  the suction  slot  was determined  for two representative slots. 
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* h  

h' 

distance normal t o  surface, determined f'rm 

span of slot,  inches 

equivalent-nose-idet inside dlameter, inchee (2h) 

equivalent-nose-inlet  outside diameter, inches (2(h + Y ) )  

t o t a l  presrrure, pounds per square foot 

inlet height measured perpendicular t o  duct  center  line a t  
minimum area, inchee 

effective  height of entering air layer,  inches @) + E*.) 
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static  pressure,  pounds p e r . s W e  foot 

dynamic  pressure,  pounds  per  square foo t  

volume  rate of flow, cubic feet  per  second 

- .  

velocity,  feet per second 

distance  parallel  to X-axis, positive  behind  scoop  lip, f n c b s  
(see  table I and figure 3 )  

distance  parallel to Y-axis, positive  above  surface,  inches 
(the Y - a x i s  is n o m 1  to a plane  tangent to f'uselaee at center 
line of inlet, see table I and figure 3 )  

distance  parallel t o  Z - a x i s ,  inches  (the Z - a x i s  is in tangent 
plane and is perpendicular to center  line,  see  table I 
and figure 3 1 

suction-flow  coefficient (Qs/bE*Vo) 

boundary-hyer shape parameter ( s*/e ) 

static-pressure  .coefficient t ipo) 
' bound--layer  thickness, inches 

boundary-layer  displacement  thickness,  inches (c (L - 6) 3 
E*€L boundary-layer  displacement  thicknese outboard of a, inches 

e boundary-layer  momentum  thickness,  inches (le-$%-> : 

Y' i n l e t - l i p  ordinate, inches 

r leading-edge  radius,  inches 

X2 distance from leading edge to maximma equivalent-nose--let 
outside  diameter,  inchea 

Y t  maxim inlet-lip orgGate, inches 
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sub script.€! : 

1 conditions a t  front measurement s t a t i o n -  

2 conditions a t  rear messurement s ta t ion 

i point of minimum area near  entrance 

0 free-stream  conditions 

S conditions a t  suct ion.   s lot  

av average  value  weighted.according t o  local  velocity in the 
main duct 

min  minfmum 

A diagrammatic sketch of the test   se tup is shown i n  figure 1 and 
photographs of two of the configurations are presented in figure 2. 
Transverae and longitudinal contour l ines  are shown in f i w e  3 and 
surface'  ordinates  are  given i n  table I ,  Line hawings of the boundmy- 
layer-removal systems are given in   f igure  4. 

The i n l e t  had an area of 26.3. square inches measured ip a plane 
perpendiculsr.to the duct  center line wlth a r s t i o  .of .span to maximum 
height of about 3.6 .  At the end of the 7-inch-long-constant-area 
entrance  section, the upper and lower wails of  the  difflreer  diverged 
wi th  an included angle of 6' t o  provide  an  mea-expansion r a t i o  of, 1.9: 1 
to  the  rear  measurement station. The $mer and outer lip shapes were 
laid  out f'rom the nose-inlet data of reference 2 and may be considered 
to be equivalent-noBe-inlet  contours i f  an  equivalent  imide.  diameter is 
defined a8 twice  the  inlet height (2h) measured normal t o  the duct  center 
l i ne  and m equivalent  outside  diameter as &ice the aum of the inlet 
height and t h e   l i p   t h i c h e s a  (2h + 2Y). Ordinates for  the inlet l i p  and 
af terbow are given in   t ab l e s  II(a) and II(c)..  he outside l i p  shape 
w a s  modifled af'ter inlt ial  tests according t o  table I I ( b )  i n  arder t o  
reduce the maepitude of the surface-pressure  coefficient. 

F o U  12-inch-span  flush-type  suction slots (fig. &(a))  and two are- 
of porous material (fig. 4(b) )  were tested. Slots I and I1 were ve r t i ca l  
elots  with rounded cornem, whereas slots 111 and IV *re inclined t o  the 
surface and included a diffuser. The porous  makerial consisted of 40-mesh 
bronze hardware cloth -red to a thickness of 0.019 inch and mounted 
on a perforated steel plate.. The square of the normal velocity  through 
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the material was numerically equal to  4.08 the8 the pressure drop i n  
pounds per square foot  across the screen. V i s u a l  inspection of the  cloth 
indicated that the hole  size and spacing was~adeq-i@tely  uniform. 

- 
Pressures a t  the entrance and end of the diffuser of the main duct 

and i n   t he  boundary-layer s l o t s  were measured  by means  of the rakes of 
to ta l -  and static-pressure tubes shown in figure 5. The inlet   rake of 
the main duct  (fig. 4(b)) w a s  a l w a y s  removed when pressures were measured 
a t  the end of the diffuser.  Surface pressures were obtained by the use 
of fl-h or i f ices .  Boundary-layer  surveys ahead of the   in le t  were obtained 
with a total-  and static-pressure probe. The outside  diameter of the tatel- 
pressure  tube was 0.030 inch (0.002-inch wall thickness) and was flattened 
t o  0.012-inch over-all thickness;  the  static-pressure tibe had an outside 
diameter of 0 .Ob inch. 

In l e t -  and suction-flaw quantit ies were'measured with the aid of  
calibrated  venturis.   Differential   venturi  pressures, together with 
tunnel  stagnation  pressure, were measured on kerosene-filled microma- 
nometers. A l l  pressure measurements on the model were recorded photo- 
graphically on a-ver t ical   a lcohol-fUed  mult iple- t&e manometer. mfts 
w e r e  wed  t o  observe the direction and s t a b i l i t y  of the flow. 

e 
Each of the  inlet  configurations W&B tes ted i n  conjunction with one 

o r  both of the two boundary layers 14.5 inc3es ahead of the S C O O ~  l i p  
shown i n  figure 6.. Boundary layer A WES obtained  by  shellacking an 
8-inch band' of screened  sand (20-mesh hardware cloth) t o  the  f loor forward 
of the 3k-inch  station; boundary layer B was generated by placing - inch- 
diameter rods transvereely on the  surface Immediately ahead  of asd behind 
the sand s t r ip .  In each  case,  modifications were made i n  the distribu- 
t i on  of the sand or i n  the positions of the rods u n t i l  8 reasonably 
uniform boundary layer UES obtained  transversely Over the body. Values 
of the displacement  thickness E* and shape parameter H' at  the center 
line are  0.092 and 1.26, respectively, f o r  boundary layer A and 0.214 
and  1.25 for boundary layer B. 

t 

All tests were conducted i n  the 1 -scale m o d e l  of the Langley full- 

~ c a l e  tunnel at a  speed of abmt 100 feet  per second which corresponds t o  
a Reynolds m e r  of approximately 1.5 x 105 based on the inlet   height.  

15 

FESULTS PLND DISCUSSION 

A l l  the results  discussed, unless otherwise  noted,  are  those  obtained 
with boundary layer A since it was believed t o  approximate that on the 
forward part of a fuselage. The boundary-layer  suction  coefficient, 
CQ = Qs/V06%, i s  the r a t i o  of the  quantity of flow  entering the slot 
t o  t h e   q a n t i t y  of flow displaced by the boundary layer 14.5 inches ahead - 
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of the inlet. This coefficient is used as a parameter instead of tk 
r a t i o  af the euction flow t o  the flow quantity in the-main  duct  because 
it i s  independent  of'the  inlet-velocity  ratio. The boundary-layer BUC- 
t ion flow for  boundaz'y layer A expressed i n  percent  inlet  flow is numeri- 

cally equal t o  k C ~ b V i / V o )  j thus, at 3 t: 0.6 and CQ = 0.9, the 
suction  flow is 6 percent of the  inlet  flow. 

VO 

F l o w  at  the Inlet 

Average impact-preasure rat ios ,  weighted according t o   l o c a l  veloc- 
i t y ,  are shown as a function of inlet-veloci ty   ra t io  at the scoop i n l e t .  
i n  figure 7 fo r  the ramp without  suction and with  suction slots I, 11, 
and 111. For the no-suction case, 100 percent free-stream impact pressure 
was never realized at any id&-veloc i ty   ra t io  becautae of the losses 
associated with the  entering boundarg layer. Separation ahead of the 
front measuring station, which was observed w i t h  tufts, caused the  abrupt 

vi 0.3. A t  - = 0.3 separation decrease in impact-preswre  ratio below - = 

star ted 4 o r  5 inches ahead of  the  inlet. Boundary - l aye r  suction,  applied 
ahead of  the  ini t ia l   separat ion,  reduced the extent of separation so that ,  
for  - = 0.4 and suction-flow  coefficient  greater than 0.9, the impact- 

pressure  recovery exceeded 0.88qo f o r  a l l   s l o t s .  

vi 
VO VO 

vi 
vO 

Comparison of figures 7(b), 7( c ) ,  and 7(d) for  the three suction 
s lo ts  shows that, to obtain high recovery a t  the inlet, the slot  location 
was critical only for  inlet-velocity  ratios less than about 0.5. For the 
mcderate t o  high inlet-velocity  ratios,  the position of the  suction d o t  
had no pronounced effects,  at least i n - t h e  rawe of -slot  positions t e s t e d .  
A t  an inlet-velocity  ratio of 0.6, an increase  in  hpact-pressure  recuvery 
of about 0.05qo i s  sham f o r  the highest suction  Quantity; this increase 
was about 15 percent of the flow entering  the main duct. 

. ." - 

Representative  velocity  contours a t  the fYont measurement s ta t ion 
v 

have been plot ted  in  figure 8(a) for 2 = a. 6 with no suction and fo r  

CQ = 1.35 and 2.39. Similar contcims a t  the rear measurement s ta t ion are 
ehown i n  part (b) of t h i s  figure. The d i a s m t r y  of the flow sham i n  
figure 8 may have resulted from same initial nonuniformity i n  the flow 
along the floor ahead of the inlet ,   lack of geometric s;ymmetry, or  non- 
uniform distribution of the flow into  the  suct ion-slot .  

v, 
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Without boundary-layer-control,  tuft surveyB showed that separation 
from the top and end sections did not occur but that all separation, when 
it occurred,  took  place on the bottom of the diffuser.  Separation was 
indicated ahead of the inlet on the ramp below inlet-velocity  ratios of 

about 5 w 0.5 and, as the inlet-veloci ty   ra t io  w-as increased, it 

moved progressively rea;rward until it passed the rear measurement s ta t ion  

at  an inlet -veloci ty   ra t io  of about 5 1.2. When boundary-layer suc- 

t i o n  was applied with a suc t ion   s lo t  ahead rrf the inlet and suf f ic ien t  
auction f low was used, separation began much farther rearward md, fo r  
CQ >2.0, did not occur ahead of t h  rear measurement s ta t ion  &me 

5- z 0.8. The -act-pressure r a t i o  w i t h o u t  boundary-layer control is 
VO 
shown i n  figure g(a) as a function of inlet-veloci ty   ra t io .  Comparison 
of this figure with figure 7(a) shows the relat ively  large  losses  ( i n  
percent of i n l e t  q) that occurred due to  separation of the ramp flow st 

the low inlet -veloci ty   ra t ios .  For example, at 3 = 0.4 nominal 

5 = 0.16), figures 7(a)  and g(a), show a loss of 0.10% o r  about 60 percent 
s, 
mean inlet q i s  sboxn. The maximum impact-pres- recovery was reached 

a t  about - Vi = 0.80 & was approximately O.&qo. Beyond this value of  

VI/Vo, the recovery  decreased almly to 0.69% at - vi = 1.50. 

VO 

VO 

VO ( 

VO 

VO 

With suction applied on the ramg ahead of the inlet for alote  I, 11, 
or 111, the impact-pressure r a t i o s  are shown in figures 9(b), 9(c),  and g(d), 
respectively.  Velocity  distributions at the rear  measurement s ta t ion  

can  be  seen i n  figure 8(b) for  = 0.6 for no suction, CQ = 1.35, 

and CQ = 2.39. Because of the shift i n  the separation, the value of 
vi/v0 for  the maxirm~n recovery moved t o  lower inlet -veloci ty   ra t ios  so 
that, f o r  CQ Z 2.3, the highest value teated, the maximum impact-pressure 

v 
VO 

recovery was abdut 0.93% and occurred between 3 = 0.5 and vi - 0.65 
VO “0- 

for a l l  s lo ts .  T h i s  maximum recovery  represents an increase of about 
8 percent above the maximum obtained  without  suction. For a given 
suction  quantity, the maxirmcm recovery shifted t o  higher inlet-velocity 
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r s t i o ~  for   s lo t  I1 than for s l o t  I; however, fo r   s lo t  III, t he  maximum 
recovery  occurred a t  about the sane inlet -veloci ty   rs t io  as for s l o t  11. 

For the high inlet-velocity  ratios,  the curves  for  different  suction 
quantities  tend  to converge. T h i e  convergence.could be foreseen  since a t  
the  highest  velocity  ratios no separation  existed and the increased  losees 
were newly  constant and equal to about 0 .08qi.  Thus, boundary-layer 
suction may not be jmtified for   inlet -veloci ty   ra t ios  greater than  about 

The results of two tests with mea  auction  are shown i n  figure 10. 
The inlet-velocity  ratio  indicated  for these t ea t s  is determined by the 
flow  quantity after d i f m i o n ;  consequently,  the true inlet-velocity 
r a t i o  is  about O . O k ~ ~ - h i g h e r  Qhen area ILwas used. These t e s t e  were 
included  to-  determine w h e t h e r  large flow improvements could be obtained 
with porous suction  but,  because of the large  porosity of the material, 
are not considered  conclusive. No significant changes i n  Lmgcact-pres6ure 
r a t i o  occurred  with a change in suction quantity. The maximum recovery 

occurred- a t  about 2 = 0.6 and m s  0.92% .or ab& 1 percent less tban 

with a suction  slot  for the same auction flcni. . The flow qusntit ies  for 
the two suction  regions were controlled separately for- two Conditions 
which gave a total-flow  quantity C w 2.3. With the f o m d  area 

handling the  larger  suction flow, the pressure  recovery waa constantly 
higher than when the rear area was handling the larger  suction flow. 
The  curve for CQ = 2.3 is almost the 8ame as that f o r  the single slot I11 
for  tbe same total suction flow, and the maxim reco-rery was 0.94 which 
is 1 percent  higher than for s l o t  111.-  his gain i e  not surprising 
since the continuous removal of the low-energy a i r  would probably resu l t  
in a s l igh t ly  thinner boundary layer a t  the end of  the suction  reglon 
than would a single  slot   1ocated.at   the  front of the poroue area, pro- 
vided sepmation did not  occur  for  either  case. For the  conditions of 
these tests, area suction and suction  slots were about e p l l y  effective. 

VO 

% + cQ2 . "  . - -  .. . 1.- 

Enpact-pressure r a t i o  srfier di,ffUsion with boundary leyer B is 
shown as a function of in le t -ve loc i ty   r s t io   in  ffgure 11 for  Blot6 I11 
and IV. It is  readily  seen that the 810% width had l i t t l e  effect  on 
the impact-preeaure rat io .  The suction coefYicient was approximately 
unity based on the displacement  t5ickness  of boundary layer B or is 
equivalent t o  about CQ = 2.5 baaed on 'boundary layer A. The maximum 
recovery shown is 0.82% and occurred a t  an inlet-velocity  ratio of 0.85. 
It is apparent from the low impact-pressure r a t i o  t%t E suction-flow 
coefficient of 1.0 was too low for adequate removal of boundary layer B. 
It may be expected that a suction-flow coefflcient of a t  lemt 2.4, based 

c 
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on the  displacement thickness at boundarg layer B, w o u l d  be required t o  
obtain a maximtllll impact-pressure  recovery  cmparable t o  the maximdm 
obtained with baundary layer A. Impact-pressure  recoveries with greater 
suction f lows were not  obtaFned  since, t o  obtain a suction-flow  coef- 

, f ic ien t  CQ = 2.4, more than 40 percent of the i n l e t  flow at - vi = 0.6 

would be required. 
VO 

Surface  Pressures 

Distributions of surface  pressure along the center  l ine of  the ramp 
from a position  near the cres t  of t& ramp t o  about 20 inches  inside  the 
diffuser are shown in  figures  12(a) and 12(b) for  s l o t  III, CQ = 2.39, 
and fo r  s l o t  nT, CQ = 2.29, respectively, for four representative  inlet- 
velocity ratios. Inlet-veloci ty   ra t io  had l i t t l e   e f f e c t  on the pressures 
near , the ramp cres t  (x = -12.75 in.) but had a marked ef fec t   in   the  
v ic in i ty  of the  suction s lo ts .  The sudden pressure rise &CTOSE slot 111 

0.5% at vi - - - 0.64 f ig .  is the characterist ic sink ef fec t  ' 

VO 
and was less f o r  the wider slot IV. Inanedfately behind the s lo t ,  the 
pressure changed rapidly to meet the  entrance  conditions determined by 
inlet-veloci ty   ra t io  and losses i n   t o t a l  pressure on the ramp and then 
increased slowly t o  the end of the diffkser. 

Figure E ( c )  shows the  variation of surface  pressure  coefficient  in 
the vic in i ty  of, and within s l o t  111, for  several  suction-flow  rates at 
a nominal inlet-velocity  ratio of 0.6; in  addition, one curve f o r  s l o t  Tv 
is shown. Because of  the large negative  pressures  inside  slot I11 
(P = -2.28 at CQ = 2.39), slot choking w i l l  probably occur at high 
forward  swede, whereas s l o t  TV (P = 0.08 a t  CQ = 2.29) will operate 
sat isfactor i ly .  The longitudinal  variation of surface pressures f o r  the 
valley or gut ter  is  shown i n  figure 13 and for the ridge or outer edge 
of the  depreesion in   f i gu re  14  for s l o t  III operating at a suction-flow 
coefficient of 2.39. Because the  pressures on the duct  center  line were 
more positive than those i n  the gutter (compare f ig .  13 with f ig .  12(a) 
forward of the inlet), it is  bel ieved-that  an excessive amount of boundary- 
layer air was not taken  into  the  inlet  a t  l o w  inlet-velocity ratios. 
Also, the pressure  difference8 between the gutter and the ridge behind 
the s l o t  tend t o   d i r e c t  the boundary layer outward f r o m  the gutter t o  the 
ridge; this outward flow in the boundary layer was .observed with m a .  

Pressure distributions over  the  inside  and.outside  surfaces of the 
original and modified l i p  at the-center   l ine are shown i n  figures 15(a) 
and 15(b). NO large  negative pressure peakg s consequently no h ~ g h  
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induced local   veloci t ies  were present  near. the outside l i p  leading edge 
for either configuration. The minimum pressure8 on the  outslde  of the 
l i p  occurred 3 to  4 inches  behind tk leading edge; this point was very 
nearly maximum thickness. The external-lip  modification shown i n   f i g -  
ure 4(s) resulted in a reduction in   the  maximum negative essure 
from -0.35q0 t o  -0.289, at Bp i ae t -ve lbc i ty  ratto of 0.E; turr reduction 
was  accmpanled by a slight  increase in  the magnitude  of the negative 
pressures near the lip.. A t  high inlet-velocity  ratioa a sharp negative 
pressure peak occurred on the inside l i p -  however, eeparatim was not 
indicated by the pressure  distributions [fig. 15) and large reductians 
in impact-pressure- r a t i a  were not observed even at the maximum test 
inlet-velocity  ratio (see f ig .  9 ) .  Pressure  distributions on the top 
corner  and  end of the inlet l i p ,  parts (c)  and (d) of figure 15,. were, 
i n  general, similar t o  those at the center  line  snd no severe  pressure 
peaks were observed. 

To gain some insight   into the high-speed performance  of the inlet, 
curves of the maxFrmmr negative  pressure  coefficient for the aeveral 
components are shown in figure 16. Within the probable  high-speed 

operating range from 2 = 0.45 t o  0.7, the predicted  cri t ical  Mach 

number is  controlled by the outside of the lip;   presmres on the other 
components remained greater than -0.239, which,col;responds to  a c r i t i c a l  
Mach  number, calculated  according t o  the von Karman method, of about 0.8. 
The maxirmun local  velocit ies on the l i p  may be  decreased by the use  of a 
thinner l i p  shape; however a sharp localized peak may occur on the nose 
for the high-speed inlet-velocity ratios. Teats of nose inlets a t  sub- 
c r i t i c a l  and supercrit ical  speeds  (reference 3 )  indicate that euch 
localized peaks do not  necesearily result in   l a rge  increments i n  drag. 

v 
VO 

A l l  the surface-pressure  coefficients and the minimum pressure 
coefficients shown i n  figure 16 may not  be  comernative because the 
reference  static pressure corresponde t o  the static  pressure near the 
a i r  scoop on a complete fuselage. If the  preesures on a fuselage  near 
tbe i n l e t  are f ree  stream,  then the preesures shown will give the correct 
c r i t i c a l  Mach  number. 

Remarks on Suction  Performance 

The required  width of the  suction  slots for this investigation was 
est inated  to  be about tw ice  the displacement  thickness of the boundary 

were inclined 30 w i t h  respect t o  the tunnel floor and had an  approxi- 
mately  2:1 area r a t i o  diffbaer t o  recover some of the dynamic preasure. 
Impact-pressure r a t i o  f o r  these two s lo t s  i s  ahown plotted against 
inlet-velocity  ratio i n  figure 17. For the COnditiOnB shown, the curve8 

, layer 14.5 incheg ahead of the  inlet  (reference 4) .  Slots III and IV - 



are approximately l inear  and the slope of the  curve^ is not  considered 

excessive. A t  2 = 0.6 and CQ = 2.39, s l o t  III gave a recovery of 

0.18%; widening the s l o t   ( s l o t  N) for  nearly the same f&ow coefficient 
(CQ = 2.29) resulted i n  a  recovery greater than 0.40~. For a complete 
imta l l a t ion ,  this increased  recovery  represents a marked reduct ion  in  
pumping power- A l s o  shown i n  figure 17 i s  a single  curve for the recavery 
in s l o t  N for boundary layer B, fo r  which CQ = 0.92. Spanwise distri- 
butions of impact-preesure r a t i o  1/2 inch inside s l o t s  111 and IV are shown 
in   f igure 18 for  several  suction-flow rates  with boundary layer A and f o r  
one condition  with boundary layer B. 

VO 

Remarks Concerning the  Impact Pressure Available a t  the Inlet 

The impact pressure  available at the i n l e t  of a acoop is governed by 
the i n f t i a l  boundary layer ahead of the inlet. men  with a knowledge of  
the static-preasure  distribution  in a three-dimensional-flow f ie ld  auch 
as ex is t s  on a fuselage with an a i r  scoop, calculation of  the impact- 
pressure r a t io  is at present  not  feasible. Lacking the means to calculate 
the mean impact pressure  available at the inlet, an upper limit t o   t h e  
impact-pressure  ratio  can be established  provided the boulldary layer on the  
fuselage immediately ahead of the inlet - f low  f ie ld  is lolawn. Some of the 
effects  of i n i t i a l  boundary-layer thicknese and boundary-layer  suction  can 
also be shorn. The upper limit of the  impact-pressure  ratio can  be expressed 
in  terms of a hown bcundary-layer profile  -close t o  the inlet i n  the fonn 

- lh' (5) d y  

The lower integration Umit is det-ned by the  suction  applied 
and is  found frm 
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The upper limit of the   in teea t ion  is determined f r o m  the  Inlet-velocity 
ra t io ,  the inlet   height,  the i n i t i a l  displacement  twckneea, and by the 
amount of suction  applied. Thus 

where 

For the  case of  no suction, a ' is zero and s", is the  displace- 
ment t h i c b e s s  of the initial boundary l a y e r .   I l l u t r a t i o n  of  the defini- 
t i on  of the terms i s  given i n  figure 19. 

The theoretical  upper limit of impact preeeure available at the inlet  
m a  calculated from equation (1) by ueing the boundary layer 14.5 inchea 
ahead of the inlet and is plotted  as a function of inlet-velocity  ratto 
In  figure 20 for  rates of suction f l o w  comparable t o  those  used i n  the 
tests. For a suction-flow  coefficient of CQ = 2.25, the calculated 
increases i n  the upper limit of the impect pressure  available a t  the i n l e t  

for  inlet-velocity  ratios of = 0.6 and' 1.5 are 5 percent and 2 per- 

cent,  respectively. I n  order t o  coinpare these Increments with the ex-perl- 
mental results,  the most forward suction  slot  was aelected as moat nearly 
corresponding- t o  the assumed conditions. From figures 7(a) (no suction) 
and 7(d) ( s lo t  111, CQ = 2.39) the  hci-emenw  increase  in  recovery is 
seen t o  be, for inlet-velocity  ratios of 0.6 and 1.5, about 5 and 2 per- 
cent,  respectively. This agreement is consiherea t o  be of value i n  
assessing the effecta of  boundary-layer suction. 

YO I I  

With no auction, the theoretical  upper limft of the impact preemre 
available a t  the inlet for  bgundary layer B is considerably less than  
that for boundary layer.A, and the data of figure 20 show that a larger 
suction flow, proportional to the displacqnent  thickness of the boundary 
layer, is required  to  obtain the 8ame lmpact-pressure r a t io  f o r  boundary 
layer B as fo r  the thinner boundary layer A .  For example, a suction- flow 
coefficient of CQ = 2.25 is  requfred fo r  boundary layer B (S*'= 0.214 in.  
t o  obtain approximately the same recovery as CQ = 0.9 for boundary 
layer A (6" = 0.092 i n . ) .  
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Canparison of Performance of the Semisubmerged Scoop wfth a 

S imi l a r  Fully Submerged Scoop 

In order t o  compare the performance of the semisubmerged a i r  scoop 
of the present  investigation (S* = 0.09 in. ) with that of the submerged 
a i r  scoop o f  reference 1 (E* = 0.085 in.  ) , impact-pressure r a t io s  at 
the   in le t  and after approximately 2:l diffusion are shown i n  figure 21 
without  suction  and f o r  a suction-flow  coefficient of CQ = 1.7. The 
impact-pressure  recovery of the semisubmerged scoop at the   i n l e t  and m e r  
diffusion  exceeds  the  recovery of the submerged scoop f o r  inlet-velocity 
ra t ios  less than about 1.0 with o r  without boundary-layer  suction; however, 
f o r  %her  inlet-velocity  ratios,  the recovery at the semisubmerged scoop 
is  less than t h d  .of the submerged scoop o f  reference 1. 

The Fmproved recovery of the aemisubmerged i n l e t  over the submerged 
i n l e t  a t  inlet-velocity  ratios  corresponding t o  high-speed operating con- 
ditions  probably arises from the fac t  that the semisubmerged scoop was 
attained by ma-% t h e   i n l e t   l i p  forward along the approach ramp f rcan  the 
submerged poBition  to a position  required by semisubmergence. The i n l e t -  
posi t ive-presswe  f ie ld  i n  this case  reduced the static-pressure  r ise 
required by  reducing the maxfmum negative  pressures near the crest of the 
rmp.  Figure 21 shows that for  the semisubmerged inlet w i t h  no suction, 
the impact-pressure  recovery f o r  an inlet -veloci ty   ra t io  o f  0.6 i s  O.Ogqo 
greater than that for the m o d e l  of reference 1, even  though the displace- 
ment thickness of the boundary layer measured a t  the same posit ion  relative 
t o  the crest of the ramp fo r  the present test wa8 greater. 

A comparison of the performance of the two i n l e t s  has been made in 
t e r n  of the changes in   ne t   t h rus t  and specific fuel consumption at 

” - 0.6 w i t h  no boundary-layer  control and a l s o  with a suction-flow 

coefficient of CQ = 1.7 for  an asaumed 4,000-pound-tbrust turbojet 
engine  operating at a Mach number 0.9 at  40,000 fee t   a l t i tude .  In these 
calculations the external drags have been assumed to be  equal. The 
following table shows the net change in  percent thrust and specific fuel 
consumption based on an f n l e t . q e r a t i n g   a t  an -act-pressure ratio of 1.0. 

VO 

c 
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Configuration CQ 

No s l o t  

1.7 Slot  Iv 

0 

Configuration I 
(reference 1) 

Configuration V 
(reference 1) 1.7 

H2 - Po 

6.2  -15.8 - 74 

1.9 -8.4 .go(est. 1 

3.9 -10.8 0.82 

Ho - Po 
Percent change Percent change 

i n  NT i n  SFC 

.86 3.0 -11.3 

For the condition of no-boundary-layer s~iction,  the aemisubmerged 
a i r  scoop gave a 5-pSrdent improvement in   ne t  t h rus t ,  For the  auction 
coefficient of 1.7 a 2.9-prcent  increase wa8  obtained.  SimiLarly,  the 
semisubmerged scoop with CQ = 1.7 has 1.1-percent less   increase  in  
specific  fuel consumption than  the  air  scoop of-reqerepce l . . f o r  the 8-e- 
auctfon-flow rate .  High-speed tests of b&h types of air scoops will be 
required  to fully define  their performance. 

. .. 

- 

SUMMARY OF RESULTS 

A preliminary low-speed investigation has been made of an air scoop 
submerged one-half the height of the i n l e t   i n  a depression on a simulated 
fuselage. The  more important results are 8ummsrized a8 folloxe: 

1. Application of boundary-layer  suction by means of a slot located 
ahead of  the inlet increased the impact-pressure  ratio.  at.  the inlet over 
the ent i re  range of inlet-velocity  ratios  studied;  the  elot poeition, 
except a t  low inlet-velocity  ratios,  was not  found t o  be c r i t i c a l  and 
suction slots and area  suction were found to be about equally effective.  

" 0  

inlet flow at - vi = 0.6 increased  the  impact-pressure  recovery t o  0.93% 
VO 

tind maximum recovery  occurred between inlet-velocity  ratios of 0.5 to 0.65 
f o r  all slots tested. 

c 
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3. The impact-pressure r a t i o  in  the  suction  slot  at the highest 
suction-flow rate was increased from about 0.18 with a slot 0.19 inch 

wide to  more than 0.4 with a s l o t  0.35 inch wide a t  vi - - - 0.6. 
TO 

4. For the  probable high-speed operating  range c$ = 0.45 to 0.75) 

t h e   c r i t i c a l  Mach number was established by the outside of the inlet l ip ;  
for  the other components the c r i t i c d  Mach &er was estimELted t o  be 0.8. 

5. An upper limft t o   t h e  inlet irupact-pressure r a t i o  was calculated by 
integrating the impact-pressure  distributions 14.5 inches ahead of  the inlet. 
Incremental increases in impact-pressure r a t i o  with boundary-layer  suction at 

3 = 0.6 and. 1.5 were calculated  to be 5 percent and 2 percent,  respec- 

t ively; these increments  agree  with the correaponding  experimental  values. 
VO 

6 .  The impact-pressure  recovery of  the semisubmerged air  scow of the 
present study i s  greater than that of a similar fullg submerged  coop f o r  
the hj.gh-speed operating  range of inlet-velocity  ratios.  

Langley Aeronautical  Laboratory 
National  Advisory C o m m i t t e e  for  Aeronautics 

Langley Field, Va. 
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Figure 1. - Schematic diagram of test setup far semlmbmerged inlet  in ' 
open-throat tunnel.. 
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I 
(a) Slot 111, 4 inchee ahead of W e t .  

Figure 2. - Views of semisubmerged W e t  imtalled in w b d  tunnel. 

. . . . . . . . 





(b) Area euction, area I and area 11. 

Figure e .  - Conclllaed. 
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(b) Longitudinal lines of inlet ramp. 

Figure 3;- Longitudinal and tramverse  lines of  semisubmerged inlet. 
All dimensions are in inches. 
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(a) D i a g r a m  showing different s lot- locat<o6,~-and l i p  shg9ee tested. 
" 

27.25 sq in  

(b) D i a g r a m  showing location of porow areas teated. 

Figure 4.- Diagrams 8howFng s l o t  and area locations. 
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Figure 5.  - Locations of the pressure .tubes . i n  the maikduct and in the 
boundary-lqyer s l o t  .- :! i.'. - _.. .. . - . _ _  . - 
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Figure 6 . -  Boundary-leyer velocity profiles 14.5 inches ahead o f  inlet .  
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Figure 7.- brpact-pressure ratio at front measurement statim. 
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cp II 0. 
Blot a s r l d  

CQ = 1.m. 00 2.59. 

(a) Front measurement station. ' 

(b) Rear measurement station. 

Figure 8.- Velocity contours of front arid rear'measurement statio-; 
Vi 

' vo slot III - = 0.6. 
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Figure 9. - Impact-presslire ratio at rear measurement station. 
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Figure 10.- Impact-pressure r a t i o  at rear meamremeat station w i t h  area 
suction. 
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Figure 11.- hqact-pressure ratio at rear measurament station with 

b0uadal.g layer B. Slots  TI1 and IV. 
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(a) Slot 111, CQ = 2.39. 

Figure 12.- Distribution of surface pressure d o n g  ranp and duct  bottom. 
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Figure 13.- Distribution of surface pressure in gutter. 
CQ = 2.29. 
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(c) Slots  I11 and IT, - vi = 0.6. 
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Figure 12. - Concluded. - 
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Figure 14.- Distribution of surface pfeasure on ridge. Slot IV; 
cQ = 2.29. 
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Figure 16.- Variation with inlet-velociv ratio of minimum surface 
pressure. S lo t  IV; CQ = 2.29. 
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Figure 17.- Impact-presmre ratio in slot. Slot I11 and slot IV. 
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Figure 18.- Spmwtse variation of *act-pressure ratio at slot 
entrance. 
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Figure 19.- Definition of quantities used i n  calculation of theoretical 
upper linclt of impact-pressure ra t io .  
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(a) Front measurement station. 
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(b) Rear  meaeurement station. 

Figure 21.- Comparison 'of intpact-pressure ratio of semimbmerged scoop 
~ t h  that of submerged ecmp of reference 1. 
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